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(54) [TITLE OF THE INVENTION] 

RESIN COMPOSITIN FOR FLAME RETARDING MOLDING MATERIAL 
[Nonensei seikeizai yo jushi soseibutsu] 

(57) [ABSTRACT] 
[SUBJECTS] 

It offers resin composition for flame retarding molding material that has sufficient flame 
retarding property and workability, 

[MEANS OF SOLUTION] 

Resin composition for flame retarding molding material consists of radical 
polymerizable resin that includes ester (meth)acrylate phosphate, and aluminium 
hydroxide; and it is the resin composition for flame retarding molding material of which 
content of phosphorus atoms in said radical polymerizable resin is 0.7 ~ 10 weight % 
based on total amount of radical polymerizable resin, and said ester (meth)acrylate 
phosphate consists of at the least 1 type selected from the group consisting monoester 
(meth)acrylate phosphate, diester (meth)acrylate phosphate, and trimester (meth)acrylate 
phosphate, and mole ratio (Ml) of said monoester (meth)acrylate phosphate, mole ratio 
(M2) of said diester (meth)acrylate phosphate, and mole ratio (M3) of said trimester 
(meth)acrylate phosphate satisfy the relationship as shown below. 

1.5 < [(Ml) x 1 + (M2) X 2 4- (M3) x 3] < 3 
(however, it is (Ml) + (M2) + (M3) = 1) 
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[CLAIMS] 
[CLAIM ITEM 1] 

A resin composition for flame retarding molding material comprising radical 
polymerizable resin that includes ester (meth)acrylate phosphate, and aluminium 
hydroxide, and the resin composition for flame retarding molding material is 
characterized by the fact that content of phosphorus atoms in said radical polymerizable 
resin is 0.7 - 10 weight % based on total amount of radical polymerizable resin, and said 
ester (meth)acrylate phosphate is of at the least one type selected from a group that 
consists of monoester (meth)acrylate phosphate, diester (meth)acrylate phosphate, and 
trimester (meth)acrylate phosphate, and mole ratio (Ml) of said monoester (meth)acrylate 
phosphate, mole ratio (M2) of said diester (meth)acrylate phosphate, and mole ratio (M3) 
of said trimester (meth)acrylate phosphate satisfy the relationship shown below. 

1.5 < [(Ml) X 1 + (M2) X 2 + (M3) x 3]< 3 
(however, it is (Ml) + (M2) + (M3) = 1) 

[CLAIM ITEM 2] 

Mold goods is characterized by the fact that is formed by molding the resin composition 
for flame retarding molding material described in the claim item 1. 

[DETAILED EXPLANATION OF THIS INVENTION] 
[0001] 

(TECHNICAL FIELDS OF THIS INVENTION) 

This invention relates to the resin composition for flame retarding molding material that 
can be suitably used as molding materials for vehicle and mechanical parts, building 
material, container, electronic and electrical parts, OA machinery and equipment, 
precision machines, film, sheet, or pipe and the like. 

[0002] 

[PRIOR ART] 

The radical polymerizable oligomers such as unsaturated polyester, epoxy 
(meth)acrylate, urethane (meth)acrylate, or polyester (meth)acrylate and the like are 
capable of providing various excellent physical properties after curing when it is used to 
form radical curing-type resin composition, and they have been utilized in the fields of 
mold goods in recent years. The mold goods given by curing resin composition that 
includes these radical polymerizable oligomers substantially show property that is easy 
to bum as organic substance, and for instance, when is used in the field of building 
material, it is necessary to provide necessary flame retarding property in order to satisfy 
fire prevention codes [regulations] and the like. 
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[0003] 

As technology of providing flame retarding property to mold goods, use of aluminium 
hydroxide has been known. This is based on the action that hydrated aluminium 
hydroxide discharges water of crystallization during combustion to absorb quantity of 
heat. However, in order to provide sufficient flame retarding property to mold goods by 
simply compounding aluminium hydroxide in resin composition, it requires a very large 
amount of aluminium hydroxide to be compounded to present various problems of 
workability or physical properties of mold goods and the like as resin composition. 

[0004] 

And therefore, joint use of aluminium hydroxide and ester phosphate that is a flame 
retardant in the resin composition for molding material has been proposed. The ester 
phosphate as a flame retardant is of generally esterified phosphoric acid compound such 
as phosphoric acid anhydride or phosphorous oxychloride and the like and alcohol. This 
ester phosphate forms a cover film of phosphorus oxide on the surface through thermal 
decomposition state during combustion, and this cover film's action to block oxygen 
allows display of flame retarding property on the mold goods. And therefore, mold 
goods by resin composition for molding material of compounded aluminium hydroxide 
and ester phosphate can be considered capable of effectively showing flame retarding 
property of the mold goods by synergistic actions of the action that absorbs quantity of 
heat during combustion and the action that blocks oxygen on the surface of mold goods. 

[0005] 

However, such ester phosphate is simply added to the resin composition in general, and 
the ester phosphate bleeds on the surface of mold goods either during molding or with 
time to present concern over not able to attain a uniform flame retarding property as a 
mold goods, and furthermore, it may tend to reduce the physical properties of mold goods 
such as heat resistance, water resistance, or electrical characteristics and the like of mold 
goods in some cases. In addition, when aluminiimi hydroxide and certain type of ester 
phosphate are compounded in resin composition at the same time, it presents a problem 
that the resin composition shows significant rise in viscosity due to the interaction of 
these to significantiy ill-affect the workability during molding causing difficulty in 
preparing mold goods for various applications. And therefore, resin composition for 
flame retarding molding material prepared by compounding aluminium hydroxide and 
ester phosphate to provide sufficient flame retarding property to the mold goods, and at 
the same time, no decline occurs on the various properties requires on the mold goods 
such as heat resistance, water resistance, or electrical characteristics and the like and 
furthermore, shows sufficient workability has been desired. 

[0006] 

[SUBJECTS SOLVED BY THIS INVENTION] 

Based on above-described current circumstance, this invention's purpose is to offer 
resin composition for flame retarding molding material showing sufficient flame 
retarding property and workability. 
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[0007] 

[MEANS USED TO SOLVE THE SUBJECTS] 

This invention is the resin composition for flame retarding molding material comprising 
radical polymerizable resin that includes ester (meth)acrylate phosphate, and aluminium 
hydroxide; and content of phosphorus atoms in above -described polymerization resin is 
0.7- 10 weight % based on total rate of radical polymerizable resin, and above- 
described ester (meth)acrylate phosphate is of at the lest 1 type selected from a group of 
monoester (meth)acrylate phosphate, diester (meth)acrylate phosphate, and trimester 
(meth)acrylate phosphate, and mole ratio (Ml) of above-described monoester 
(meth)acrylate phosphate, and mole ratio (M2) of above-described diester (meth)acrylate 
phosphate, and mole ratio (M3) of above-described trimester (meth)acrylate phosphate in 
this invention's resin composition for flame retarding molding material satisfy the 
relationship of 1.5 < [(Ml) x 1 + (M2) x 2 + (M3) x 3] < 3, (however, it is (Ml) + (M2) + 
(M3) = l. 

[0008] 

This invention also relates to the mold goods prepared by molding above-described 
resin composition for flame retarding molding material. This invention is explained in 
details below. 

[0009] 

This invention's resin composition for flame retarding molding material consists of 
radical polymerizable resin and aluminium hydroxide. Above-described radical 
polymerizable resin is the component that cures through a radical reaction in this 
invention's resin composition for flame retarding molding material. Above-described 
radical polymerizable resin includes ester (meth)acrylate phosphate. Above-described 
radical polymerizable resin includes phosphorus atoms. Content of phosphorus atoms in 
above-described radical polymerizable resin is 0.7 10 weight % based on total amount 
of radical polymerizable resin. When it happens to be under 0.7 weight %, it is not 
possible to provide a sufficient flame retarding property to the mold goods, and when it 
happens to exceed 10 weight %, cost for the resin composition becomes high. It is 
preferable when it is 1 .5 ~ 10 weight %. 

[0010] 

Furthermore, (meth)acrylate shows acrylate or methacrylate, and (meth)acryloyl shows 
acryloyl or methacryloyl in this specification. 
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[0011] 

The ester (meth)acrylate phosphate in this invention forms a cover film of phosphorus 
oxide on a surface through stages of heat decomposition during combustion of the mold 
goods, and through this cover film, it works to block oxygen to provide flame retarding 
property to the mold goods, and as it is taken into the resin framework through 
polymerization reaction at the time of curing of resin composition, it presents less 
concern over bleed on the surface of mold goods to enable to provide imiform flame 
retarding property to the mold goods, and furthermore, that action can be made to display 
on the mold goods in a manner of elapse of time. Above-described ester (meth)acrylate 
phosphate is composed of at the least one type selected from a group of monoester 
(meth)acrylate phosphate, diester (meth)acrylate phosphate and trimester (meth)acrylate 
phosphate . 

[0012] 

No particular limitations are placed on above-described monoester (meth)acrylate 
phosphate, above-described diester (meth)acrylate phosphate, and above-described 
triester (meth)acrylate phosphate as long as each being monomer having 1, 2, and 3 ester 
phosphate bonding as well as (meth)acryloyl group. For instance, followings may be 
mentioned. These may be used as alone or joint use of two or more types. 

[0013] 

As above-described monoester (meth)acrylate phosphate, for instance, mono(2- 
(meth)acryloyloxy ethyl)acid phosphate, mono(2-(meth)acryloyloxy propyl)acid 
phosphate, mono(3-(meth)acryloyloxy propyl)acid phosphate, mono(3-(meth)acryloyl-2- 
hydroxyloxy propyl )acid phosphate, mono(2-(meth)acryloyloxy ethyl)methyl acid 
phosphate, or mono(2-(meth)acryloyloxy ethyl)ethyl acid phosphate and the like may be 
mentioned. 

[0014] 

As above-described diester (meth)acrylate phosphate, for instance, di(2- 

(meth)acryloyloxy ethyl)acid phosphate, di(2-(meth)acryloyloxy propyl)acid phosphate, 
di(3-(meth)acryloyloxy propyl)acid phosphate, di(3-(meth)acryloyI-2-hydroxyloxy 
propyl)acid phosphate, or (3-(meth)acryloyloxy propyl)(2-(meth)acryloyloxy ethyl)acid 
phosphate and the like may be mentioned. 

[0015] 

As above-described trimester (meth)acrylate phosphate, for instance, tri(2- 
(meth)acryloyloxy ethyl)phosphate, tri(2-(meth)acryloyloxy propyl)phosphate, tri(3- 
(meth)acryloyloxy propyl)phosphate, tri(3-(meth)acryloyl-2-hydroxyloxy 

propyl)phosphate, di(3-(meth)acryloyl-2-hydroxyl propyl) (2-(meth)acryloyloxy 
ethyl)phosphate, or (3-(meth)acryloyl-2-hydroxyl oxy propyl)di(2-(meth)acryloyloxy 
ethyl phosphate and the like may be mentioned. 
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[0016] 

In addition, compounds having monoester, diester, and triester structure within the same 
molecules may be used. Among these, the ones shown with a formula below presents 
less concern over forming of flanunable substance during combustion of the mold goods, 
and content of phosphorus atom in the radical polymerizable resin is appropriate and 
correct are preferable. 



[0017] 

[Chemical formula 1] 



o ^ o 



[0018] 

(In the formula, R shows hydrogen atom or methyl group. R shows divalent 
hydrocarbon chain vsdth 1-10 number of carbon atoms and/or -CH2CH(OH)CH2- chain, 
n shows 1 ~ 3 integers.) 

[0019] 

The relationship of mole ratio (Ml) of above-described monoester (meth)acrylate 
phosphate, mole ratio (M2) of above-described diester (meth)acrylate phosphate, and 
mole ratio (M3) of above-described trimester (meth)acrylate phosphate satisfies 1.5 < 
[(Ml) X 1 (M2) X 2 + (M3) x 3] < 3 (however, it is (Ml) + (M2) H- (M3) = 1). When 
above-described value is underl.S, compounding ratio of monoester (meth)acrylate 
phosphate increases, and as it shows a strong interaction of monoester (meth)acrylate 
phosphate and aluminium hydroxide, viscosity of the resin composition rises too much to 
deteriorate workability during molding. It is more preferable when it is 1.6 <[(M1) x 1 + 
(M2) X 2 + (M3) X 3] < 3.0, and particularly preferable when it is 1,7 < [(Ml) x 1 + (M2) 
X 2 + (M3) X 3] < 3.0; and when high level of flame retarding property on the mold goods 
is required, and when compounding rate of aluminium hydroxide become very large, it is 
preferable when it is 1.8 <[(M1) x 1 + (M2) x 2 + (M3) x 3] < 3.0. 

[0020] 

According to above-described ester (meth)acrylate phosphate, by reducing the ratio of 
presence of above-described monoester (meth)acrylate phosphate, interaction of ester 
(meth)acrylate phosphate and aluminium hydroxide becomes moderate and viscosity of 
llie resin becomes appropriate, and workability during molding of resin composition 
becomes excellent. Furthermore, in above-described ester (meth)acrylate phosphate, it is 
Mr+M2+M3isl. * • 
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[0021] 

According to the publication of Tokkai Sho 51 [1976]- 125 182, curable resin 
composition that includes resin composition comprising epoxy acrylate and reactive 
monomer, and ketone resin, and acid phosphate compound having 1 or more unsaturated- 
basic acid ester group in molecules is described; however, this curable resin composition 
is supposed for paint or ink suited in covering a metal surface as its main application, it 
does not disclose joint use of aluminium hydroxide at fairly large amount in order to 
provide flame retarding property. In addition, in the acid phosphate compound having 1 
or more unsaturated-basic acid ester group that is used. No disclosure on reducing the 
ratio of monoester to fairly small level, and when fairly large amount of aluminium 
hydroxide to compounded in order to provide sufficient flame retarding property as a 
mold goods, due to interaction of monoester and aluminium hydroxide, viscosity of the 
resin composition rises significantly to ill-affect workability. Because this invention's 
resin composition for flame retarding molding material includes content of phosphorus 
atoms in the radical polymerizable resin at the rate necessary to set the mold goods with 
sufficient flame retarding property; and it can provide sufficient flame retarding property 
to the mold goods in combination with aluminium hydroxide.. In addition, in the ester 
(meth)acrylate phosphate, as it includes fairly low ratio of monoester (meth)acrylate 
phosphate, interaction with aluminium hydroxide becomes appropriate and viscosity of 
the resin composition becomes just right, and resin composition for flame retarding 
material shows excellent workability during molding. 

[0022] 

In general, ester (meth)acrylate phosphate can be made available easily with 
esterification of phosphoric acid compounds such as phosphoric acid anhydride, 
phosphorus oxy chloride by using hydroxy alkyl (meth)acrylate, or glycidyl 
(meth)acrylate and the like, and thus given phosphoric acid compound is mono- 
substituted, bi-substituted, or tri-substituted to give a mixture. And therefore, as ester 
(meth)acrylate phosphate, by adjusting the ratio of presence of monoester (meth)acrylate 
phosphate, diester (meth)acrylate phosphate, and trimester (meth)acrylate phosphate as 
described above to provide sufficient flame retarding property to the mold goods, and 
resin composition shows excellent workability during molding. 

[0023] 

According to the radical polymerizable resin of this invention, regarding other radical 
polymerizable compounds besides ester (meth)acrylate phosphate, although no particular 
limitations are placed as long as it has radical polymerizable group in molecules and can 
polymerize and react with ester (meth)acrylate phosphate; and in order to provide mold 
goods with sufficient basic performance, it is preferable when it consists of mixture of 
radical polymerizable oligomer and radical polymerizable monomer. 
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[0024] 

Although no particular limitations are placed on above-described radical polymerizable 
oligomer, the ones having two or more radical polymerizable groups in molecules and 
number mean molecular weight (Mn) is 500 or more are regarded as preferable. When 
radical polymerizable group within molecules happens to be 1, or number mean 
molecular weight (Mn) happens to be under 500, it presents a concem over degradation 
on the basic performance of the mold goods such as strength and the like. It is more 
preferable when number mean molecular weight (Mn) is 8000 or lower from the 
standpoint that viscosity of the resin composition becomes appropriate and resin 
composition shows excellent workability during molding. The ones having 2 or more 
radical polymerizable groups in molecules and at the same time, show 500 or more 
number mean molecular weight (Mn) are not particularly limited, and for instance, 
unsaturated polyester, epoxy (meth)acrylate, urethane (meth)acrylate, or polyester 
(meth)acrylate and the like may be mentioned, and these may be used either alone or joint 
use of two or more types. 

[0025] 

As above-described radical polymerizable monomer, no particular limitations are placed 
as long as it is the monomer capable of polymerization reaction with radical 
polymerizable oligomer or ester (meth)acrylate phosphate, and for instance, styrene, a- 
methyl styrene, vinyl toluene, diallyl phthalate, N-vinyl pyrrolidone, diethylene glycol 
divinyl ether, methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate, methoxy 
ethylene glycol (meth)acrylate, 2-phenoxy ethyl (meth)acrylate, dicyclo pentenyl oxy 
ethyl (meth)acrylate, ethylene glycol di(meth)acrylate, propylene glycol di(meth)acrylate, 
1,6-hexane diol di(meth)acrylate, or trimethylol propane tri(meth)acrylate may be 
mentioned. These may be used either alone or with combination of two types or more. 

]0026]^^^^ ^^^^^^^^^^^^^^^^^^^^^ 

Although no particular limitations are placed on the ratio of presence between above- 
described radical polymerizable oligomer and above-described radical polymerizable 
monomer , it is preferable when it is 2/8 -9/1. When radical polymerizable oligomer 
happens to be more than 9/1, viscosity of the resin composition becomes high and 
workability declines, and at the same time, curing property declines, and when radical 
polymerizable oligomer happens to be les than 2/8, it presents a concem over decline in 
basic performance of the mold goods such as strength. It is further preferable when it is 
4/6^-8/2. 
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[0027] 

Although no particular limitations are placed on the ratio of presence when above- 
described radical polymerizable resin includes above-described other radical 
polymerizable compound with above-described ester (meth)acrylate phosphate, it is 
preferable when above described ester (meth)acrylate phosphate is 5 ~ 80 weight % based 
on total amount of above-described radical polymerizable resin, and above-described 
other radically polymerizable compound is 20 - 95 weight %. When ester (meth)acrylate 
phosphate happens to be under 5 weight %, or when other radical polymerizable 
compound happens to exceed 95 weight %, it presents a concern over decline in flame 
retarding property of the mold goods , and when ester (meth)acrylate phosphate happens 
to exceed 80 weight %, and other radical polymerizable compound happens to be under 
20 weight %, it presents a concern over decline in basic performance such as strength of 
the mold goods. It is more preferable when above-described ester (meth)acrylate 
phosphate is 10 60 weight %, and above-described other radical polymerizable 
compound is 40 90 weight %. 

[0028] 

The aluminium hydroxide of this invention has an action to absorb quantity of heat 
during combustion of mold goods, and it provides flame retarding property to the mold 
goods along with ester (meth)acrylate phosphate in synergistic manner. Regarding the 
content of above-described aluminium hydroxide, it is preferable when it is 100 300 
parts by weight based on 100 parts by weight of above-described radical polymerizable 
resin. When it happens to be under 100 parts by weight, it presents a concern over that it 
may not possible to provide sufficient flame retarding property, and when it happens to 
exceed 300 parts by weight, it presents a concern over decline in basic performance of the 
mold goods such as flexibility and the like. 

[0029] 

To this invention's resin composition for flame retarding molding material, inorganic 
fillers and enforcement fibers other than aluminium hydroxide may be compounded in 
order to improve basic performance of the mold goods such as strength. Although no 
particular limitations are placed on above-described inorganic fillers, for instance, 
calcium carbonate, barium sulfate, alumina, metal powder, kaolin clay, talc, milled fiber, 
silica, diatomaceous earth, crystalline silica, fiised silica, or glass powder and the like 
may be mentioned. These may be used either alone or with joint use of two or more 
types. No particular limitations are placed on above-described enforcement fibers, and 
for instance, inorganic fibers such as glass fibers, or carbon fibers and the like, and 
organic fibers such as vinylon, phenol, Teflon, aramid, or polyester may be mentioned. 
These may be used either alone or with joint use of two types or more. No particular 
limitations are placed on the shape of above-described enforcement fiber shapes, and for 
instance, cloth; mat forms such as chopped strands mat, performable mat, continuance 
strand mat, surfacing mat ; chopped form; roving -form [transliteration], or nonwoven 
form and the may be mentioned. 
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[0030] 

It is all right to compound flame retardant in this invention's resin composition for 
flame retarding molding material in order to further improve flame retarding property of 
the mold goods, No particular limitations are placed on above-described flat retardants, 
and for instance, the ones that are generally used for the resin composition for flame 
retarding molding material may be used. Thee may be used either alone or with a joint 
use of two types or more. Among these, flame retardant that does not have halogen atoms 
in above-described molecules is favorable as it does not generate dioxm during 
combustion of the mold goods so not to initiate environmental contamination. No 
particular limitations are placed on the flame retardant not having halogen atoms in 
molecules, and for instance, ester phosphate such as triphenyl phosphate, cresyl diphenyl 
phosphate, or resorcin diphenyl phosphate and the like; amino compounds such as 
melamine, or benzoguanadine and the like; phosphorus, amino complex compound such 
as melamine phosphate, or guanidine phosphate and the like; boric acid compound such 
as zinc borate, or aluminium borate and the like may be mentioned. 

[0031] 

It is all right to compound other resins or molding material additives and the like to this 
invention's resin composition for flame retarding molding material in order to improve 
dispersibility of resin composition or molding property, and basic performance of mold 
goods and the like. It is preferable when curing agent is added to this invention's resin 
composition for flame retarding molding material in order to increase the curing speed 
during molding and improve manufacturing efficiency. In addition, it is all right to add 
curing accelerators to adjust the curing property also. Regarding above-described curing 
agent and above-described curing accelerator, they may be added to the resin 
composition for flame retarding material beforehand, or may be added when curing, and 
it is preferable when timing of such addition is set by giving consideration over the pot 
life of resin composition. 

[0032] 

No particular limitations are placed on above-described curing agents, and for instance, 
organic peroxide such as benzoyl peroxide, t-butylperoxy benzoate, methyl ethyl ketone 
peroxide, dicumyl peroxide, t-butyl hydroperoxide, or cumene hydroperoxide and the 
like; and azo compound may be mentioned. These may be used either alone or with joint 
use of two types or more. Although no particular limitations are placed on the rate of 
addition of above-described curing agent, it is preferable when it is 0.05 10 weight % 
based on 100 parts by weight resin composition for flame retarding material. When it 
happens to be less than 0.05 weight%, it presents a concern over slow curing speed of the 
resin composition to show inferior manufacturing efficiency, and when it happens to 
exceed 10 weight %, it presents a concern over too hast curing speed of the resin 
composition to show inferior workability. 
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[0033] 

The ester (meth)acrylate phosphate in this invention's resin composition for flame 
retarding molding material does not bleed to the surface of mold goods either during 
molding or with time, and it can provide a uniform flame retarding property to the mod 
goods. In addition, this invention's resin composition for flame retarding mold molding 
material of which aluminium hydroxide discharges water of crystallization during 
combustion of the mold goods to show an action to absorb quantity of heat, and at the 
same time, ester (meth)acrylate phosphate form's phosphorus oxide cover film on the 
surface of resin during heat decomposition stage to act to block oxygen. Above all, as 
interaction of aluminium hydroxide and ester phosphate being appropriate level, viscosity 
of the resin composition becomes suitable, and workability during molding becomes 
excellent. And therefore, this invention's resin composition for flame retarding molding 
material effective utilizes action by aluminium hydroxide and ester (meth)acrylate 
phosphate effectively to provide sufficient flame retarding property to the mold goods, 
and in addition, workability during molding becomes excellent. 

[0034] 

This invention's resin composition for flame retarding molding material may be suitable 
used as materials for molding goods of applications that require flame retarding property 
such as vehicle.mechanical parts, building material, container, electro/electrical parts, OA 
machinery and equipment, precision machinery, film, sheet, or pipe and the like. 

[0035] 

This invention's mold goods is prepared by molding this invention's resin composition 
for flame retarding molding material. Above-described molding may be carried out by 
curing the resin composition based on ordinary molding method and molding conditions. 
Above-described mold goods show sufficient flame retarding property, and above all, as 
resin composition for flame retarding molding material shows excellent workability 
during molding, molding becomes easy and can be used for various applications. Above- 
described mold goods is also one of this invention. 

[0036] 

[EXAMPLES] 

This invention is explained below in fiirther detail with examples, but this invention 
should not be limited with these examples. 
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[0037] 

ADJUSTMENT EXAMPLE 

A four-mouth flask equipped with a thermometer, stirrer, gas blowing inlet, and reflux 
cooling tube was used, and 370 parts by weight Araldide GY-250 [transliteration] (brand 
name, bisphenol type epoxy compound showing 185 mean epoxy equivalence made by 
Ciba Speciality Chemicals Co.), 172 parts by weight methacrylic acid, 0.10 parts by 
weight hydroquinone, and 2.3 parts trimethyl amine were placed in this. Then, this 
mixture was reacted for 6.5 hours at 115^C while stirring in air gas to give epoxy 
methacrylate showing 4.5 mg KOH/g acid value and 940 number mean molecular weight 
(Mn). 232 parts by weight styrene, 48 parts by weight mono(2-methacryloyloxy ethyl) 
and 124 parts by weight di(2-methacryloxy ethyl)acid phosphate were further 
compounded with this to give radical polymerization resin (1). Content of phosphorus 
atoms of thus given radical polymerizable resin is shown in the Table 1 . 

[0038] 

ADJUSTMENT EXAMPLE 2 

Epoxy methacrylate was prepared in the same manner as explained in the example 1. 
232 parts by weight styrene, and 380 parts by weight di(2-methacryloyloxy ethyl)(3- 
methacryloyl-2-hydroxyloxypropyl)phosphate were further compounded with this to give 
radical polymerizable resin (2). Content of phosphorus atoms of thus given radical 
polymerizable resin is shown in the Table 1. 

[0039] 

ADJUSTMENT EXAMPLES 
In a reactor that is same as that of adjustment example 1, 370 parts by weight Araldide 
GY-250 [transliteration] (brand name), 90 parts by weight Hikar CTBM1300 x 8 
[transliteration] (brand name, carboxyl group containing acrylonitrile butadiene, made by 
B.F. Goodridge), 168 parts by weight methacrylic acid, 0.10 parts by weight 
hydroquinone, and 2.3 parts by weight trimethyl amine were placed in this. Then, this 
mixture was reacted for 7,5 hours at 115^C while stirring in air gas flow to give epoxy 
methacrylate showing 6.0 mg KOH/g acid value, 1560 number mean molecular weight 
(Mn). 269 parts by weight, 56 parts by weight mono(2-methacryloyoxy ethyl)acid 
phosphate, and 143 parts by weight di(2-methacryloyloxy ethyl)acid phosphate were 
further compounded with this to give radical polymerizable resin (3). Content of 
phosphorus atoms of thus given radical polymerizable resin is shown in the Table 1 . 

[0040] 

COMPARATIVE ADJUSTMENT EXAMPLE 1 

Epoxy methacrylate was prepared in the same manner as explained in the adjustment 
example 1. 232 parts by weight styrene, 112 parts by weight mono(2-methacryloyoxy 
ethyl)acid phosphate, and 17 parts by weight di(2-methacryloyloxy ethyl)acid phosphate 
were further compoimded with this to give comparative radical polymerizable resin (1). 
Content of phosphorus atoms of thus given comparative radical polymerizable resin is 
shown in the Table 2. 
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[0041] 

COMPARATIVE ADJUSTMENT EXAMLE 2 
Epoxy methacrylate was prepared in the maimer as explained in the adjustment example 
1. 232 parts by weight styrene, 8.2 parts by weight mono(2-methacryloyloxy ethyl)acid 
phosphate, and 20.8 parts by weight di(2-methacryloyloxy ethyl)acid phosphate were 
further compoimded with this to give comparative radical polymerizable resin (2). 
Content of phosphorus atoms of thus given comparative radical polymerizable resin is 
shown in the Table 2. 

[0042] 
EXAMPLE 

To 100 parts by weight each radical polymerizable resin (1) - (3) given by the 
adjustment examples 1 ~ 3, 150 parts by weight Haijilite H-321 [transliteration] (brand 
name made by Showa Denko K.K.) as aluminium hydroxide was stirred uniformly to 
give resin composition for flame retarding molding material (1) ~ (3). Compounding rate 
of radical polymerizable resin and aluminium hydroxide in thus given resin composition 
for flame retarding molding material, and value of ester (meth)acrylate phosphate [(ml) x 
1 + (M2) X 2 + (M3) X 3] are shown in the Table 1 . To 250 parts by weight of each resin 
composition for flame retarding molding material (1) (3), 1.0 part by weight Perbutyl Z 
(brand name, made by Nihon Yushi K.K.) as a curing agent to give resin composition for 
flame retarding molding material to which curing agent is added (1) - (3). Then, each 
resin composition for flame retarding mold material with added curing agent was poured 
in a glass sheet case with 3 mm spacer and they were cured for 30 minutes at lOO^C in 
hot air circulation type drying oven, and they were further cured for 30 minutes at 175°C. 
After curing they were cooled to room temperature, and glass sheets were removed to 
give mold goods (1) - (3). Resin composition for flame retarding material and mold 
goods thus given were evaluated by the methods shown below. Results are shown in the 
Table 1. 

[0043] 

EVALUATION METHODS 

(1) Viscosity of resin composition 

The given resin composition for flame retarding material was measured for viscosity 
(mPa,s) at thermostatic 30°C by using BROOKFIELD viscometer (HELIPATH 
SPINDLE model). 

(2) Flame retarding property of mold goods 

Given mold goods was cut to 70 mm length, 6.5 ±0.5 mm width in a tablet form to be 
used as specimen. Evaluation method of flame retarding property was conducted with 
oxygen index in accordance with JIS K 7201 (1995) [combustion test method of polymer 
material by oxygen index method]. Oxygen index is the index that shows flame retarding 
property, and under prescribed test conditions, numeral value of minimum oxygen 
concentration shown v^th volume % of mixed gas required for material to maintain 
combustion, and larger the numeral value may be, self-extinguishing property becomes 
high, and can be stated to show a high flame retarding property. 
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[0044]^ 
[Table 1] 





Examples 


Resin composition for flame retarding molding 
material 


(1) 


(2) 


(3) 


Content of phosphorus atoms in 
radical polymerizable resin 
(weight %) 


2.0 


2.2 


2.0 


Compounding 

of resin 
composition for 
flame retarding 

molding 
material (parts 
by weight) 


Radical 
polymerizable 
resin 


100 


100 


100 


Aluminium 
hydroxide 


150 


150 


150 


[(Ml) X 1 + (M2) X 2 + (M3) x 3] 


1.63 


3.00 


1.62 


Viscosity of resin composition for 
flame retarding molding material 
(mPa.s) 


8500 


7000 


8800 


Oxygen index of flame retarding 
property of mold goods 


Mold goods 


(1) 


(2) 


(3) 


. 45 


45 


47 



[0045] 

COMPARATIVE EXAMPLE 

Comparative radical polymerizable resins (1) and (2) given by the comparative 
adjustment example 1 and 2 were each used to prepare resin compositions for 
comparative molding material with added curing agent in the same manner as explained 
in the example 1. In addition, to the radical polymerizable resin (1) given by the 
adjustment example 1 Mdthout addition of aluminium hydroxide is regarded as resin 
composition for comparative molding material (3), and to 100 parts by weight resin 
composition for comparative molding material (3), Perbutyl Z [transliteration] (brand 
name) 1.0 parts by weight was added, and it was mixed uniformly to give resin 
composition for comparative molding material with added curing agent (3). 
Compounding rate of radical polymerizable resin and aluminium hydroxide in thus given 
Resin composition for comparative molding material, and values of ester (meth)acrylate 
phosphate [(Ml) x 1 + (M2) x 2 +(M3) x 3] are shown in the Table 2. Then, comparative 
mold goods (1) (3) were prepared in the same manner as explained in the example to 
evaluate resin composition for comparative molding material and comparative mold 
goods. Results are shown in the Table 2. 
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[0046] 
[Table21 





Comparative example 


Resin composition for comparative molding material 


(1) 


(2) 


(3) 


Content of phosphorus atoms in 

comparative radical 
polymerizable resin (weight %) 


2 0 


0 4 




Compounding 

of resin 
composition for 
comparative 

molding 
material (parts 
by weight) 


Comparative 

radical 
polymerizable 
resin 


100 


100 


100 


Aluminium 
hydroxide 


150 


150 


0 


[(Ml)xl +(M2)x2 + (M3)x31 


1.09 


1.62 


1.63 


Viscosity of resin composition for 
comparative flame retarding 
molding material (mPa.s) 


24800 


7000 




Oxygen index of flame retarding 
property on comparative mold 
goods 


Comparative mold goods 


(1) 


(2) 


(3) 


44 


32 


30 



[0047] 

As it is clear from the Table 1, the resin compositions for flame retarding molding 
material (1) ~(3) in the example show appropriate viscosity and sufficient workability 
during molding. On the one hand, as it is clear from the Table 2, resin composition for 
comparative molding material in the comparative example show value of 1 . 1 [(Ml) x 1 + 
(M2) X 2 -I- (M3) X 3] to indicate significantly high viscosity to show inferior workability 
during molding. 

Regarding (2), as content of phosphorus atoms in comparative radical polymerizable 
resin is as low as 0.4 weight %, oxygen index show low value to indicate poor flame 
retarding property. According to resin composition for comparative molding material 
(3), as no synergistic action of aluminium hydroxide and ester phosphate is seem, 
oxygen index remains low value to indicate poor flame retarding property. 
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[0048] 

[EFFECTS OF THIS INVENTION] 

According to this invention's resin composition for flame retarding molding material is 
constituted as described above to show sufficient flame retarding property and above all, 
shows appropriate viscosity showing excellent workability during molding. This 
invention's mold goods have sufficient flame retarding property, and above all, as 
molding easy, it may be used for various applications. 



Translation by Mie N. Amtson (512-331-7167) 
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^) r^U u-h<0^/^Jt (Ml) . Ky >Ki^3ijX7^ 
/I- l^-h(0^/^it (M2) . ^O^. 

y^hV^^^^'r/i^ (;^^) T ^ y h^^^^/v-Jt (M 
3) it. 

1. 5^ [ (Ml) X1+ (M2) X2+ (M3) X 

3) ^3 

(fcfcU (Ml) + (M2) + (MS) =1-Cfc 

[0 0 0 1 I 

[0002] 

(^^) r^y ^-^^<07i^:^/^fi^tt:3^y ri' 

mjs^mf&i!io^m\:^^xnhri^fiiM^o\t. ^^wm^.^ 
m!^t\^x(Dm^'^'t^^^n^^\^x\^^^<ox\ mk. 

[0 0 0 3] ^m^^\mm&^n^-r^&.mt tr. tk 
\^-xm^^i:mmt^hofCo 



[0 004] ^;i-e. ^munmmmmf&m::}^mitr 
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t$t<^TfeSo iSoT. TkK^kr^^v^-r^i^cty vffi 
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[0 0 0 6] 
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So 

[0 0 0 7] 

[^MSr»st-rsfcie)(^^^] ifmmt. y >'^^:^7^ 
(7«^) T^y u-h^^tf7v^:^/L'a^teisii. ^ 
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(^f^) T^yu-hii. y v'B^^y^T^T^/u (;^i5') 
r y y v^v^:ii;^t/^ (^ i?) y 
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(fcfcU (Ml) H- {M2) + (M3) = 1 "Cfc 

I0 0 0 8J ^mm^^tc. ±mmB^^munffimm 
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[00 1 1 J :*:^PJ|c:Jolt6y:^«:^;^ryV' r 

\^^xmmmcmwi-^^ti)^x^^o ±iB!;>^^:^-r 

^) r y y yKv^:n7;x/v (p« i5^) y u 
Rxf. y h y ^) r y h 

10 0 12] ±Ey vi^^y ^;^7^yv TiJ^ y u 
-h. ±iey :/gg^:^3i^-ryu (^>5') r^^^y u-h. ^ 
u^. ±i2y vKhy:3i;^r/i- (^^) r^y w-h^L 

[0 0 13] ±Ey r^')\y 
-htLTIi. (2- u^) r^yn^ 

Tv^i/ Kj}-N>^:7:n- (2- 
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yw) riyyV:^.Psyx.— v. (3- (^^) r^y 
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^/i-) ;^5"y^rv'y K3^i^>^7a.- ^/ (2- (p« 

[0 0 141 ±iay ^g^i^^iT^x^'^ (^iJ') TiJ^y 

h^LTtl. «»lxff. (2- {^^) r^^)u^;v:^ 

^v'oi^/i.) ri/y KJi^y^^oi— (2- (^^) 

(3- i:^^) TiJ' y n-r/U:t^v'7'c2tVu) Tv'i/ 

K2^;^73:-h. (3- (pt^) r^yo-f/v-2- 

(3- TiJ^y ^>f>r^5^^iy7'^t^/^) (2- 

[0 0 151 ±fay vg?hy^:^x/u (y^) y u 
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[0 0 17] 

[ftl] 
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o o 
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-h<Z)^/^M: (Ml) . ±l5y :/Kv^^>^7^>'^ (p'^) 
r^^y ix-h<^>^/uit (M2) , xt/. iisy^'Khy 

(;^^) Ti5^ y h(D^Ait (M3) li. 
1. 5^ ( (Ml) X1+ (M2) X2+ (M3) X 
3) ^3 
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(fcfcU (Ml) + (M2) -h (M3) = lX*h 
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m.^T.T-iv (/if) T^' y w- Ko [ (Ml) X 1 + 

(M2) X2 + (M3) X3D 0|£«r^ Hc^ U*:. » 
f)nfcj8«Stt)«Jg«¥fffl«li«a^«) (1) ~ (3) ^-tb 

0*ftlittlS) 1. 0fil:^fB^:^lI)^r*9-lc:^•a•■t 

mife (1) ~ (3) tritl^tlMtio ScV-'-e. 3mm 



m*T??ftiPLT. :ffy:^i&^m*LX^m& (1) ~ 
[004 3] 



( 1 ) ISamt 

#e>tLfcit«»tt^Jg$^?fffl«JfliiafiK«&Sr, B R OO K F 
I ELD (HEL I PATH SPINDLEM)*SS 
tf«rfflv^T, 3 CCwifiST-CSSg (mPa • s) iSrau 

(2) ^m&(ommik 

'^htltzf$.M&i:. ^$7 Omm. Use. 5±0. 5m 
^ffiJ^jSfett. JIS K 7201 (199 5) 

[0 0 4 4] 
[Si] 









(1) 


(2) 


(3) 




2.0 


Z2 


2.0 






100 


100 


100 




ISO 


150 


150 


[(Ml)xi + (M2)X2+{M3)X3] 


1.63 


3.00 


1.62 


(mPa»8) 


8500 


7000 


6800 






(1) 


(2) 


(3) 


45 


45 


47 



[0 0 4 5] ItmiH 

(1) Rxf (2) i:^iv^nm-^xmm&itmm\:.L 
•c. mm^^mLtcitmi.BPti^Mm&m^<iS!i (d 

RXf (2) Sr^-tt^ixftfe. mmmiX'^btilt 
7i>*/H:^tt«SI (1) 1-^ 7K®S{kTyu-S = !>A«riD 

^fi\^^h<D^itm^mitnmmmm^i^ (3) ttr. 

]tl«ifi£Jl^tJi|sFffl;^Simfig!fe (3) 1 oojIftgBlc. mt 
mtLX^-:f'f-A'Z m&^) 1. OfiftgSSrjDDx-C 



yu- ho ( (Ml) X 1+ (M2) X2+ (M3) X 
3] ©ffiSra2JC;^L.fc, ^lcV^T^ ^1603 l^fillc L 

r, JttSfigJi^a (1) ~ (3) ^ifi^ixnx. tt^^ 

[004 6] 
[^2] 
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(1) 


(2) 


(3) 




9 fl 










100 


100 


100 




150 


150 


0 


[<M1) X 1 -1- X 2+ (M3) X 3] 


1.09 


1.62 


1.63 


(mPa's) 


24800 


7000 








(1) 


(2) 


(3) 


44 


32 


30 



[0 0 4 71 mit)^hmhi)^^J:Xo\::. 3llfi«iJI-*5V> 

m^mx^h^. ^mmzio\.-x^6^tj:i^m\^^^Lx 

( (Ml) X1+ (M2) X2+ (MS) X3] (Dfi^S 



(3) ^^:^oV^T^i. :i^mi\::r/i^^:='i^M.tVym^^'r 

[0 0 4 8] 

tifct><^T&^o ^mm(Dm^^o\t. %^tmm\^^m 



F^— 4J002 BCOn BC071 BC081 BC091 
BE041 BF051 BG041 BG051 
BG061 BG071 BJOOl CD191 
DE146 GLOO GNOO GQOO 
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